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TITLE 

FUNGICIDAL MIXTURES 
BACKGROUND 

This invention pertains to fungicidal mixtures and use thereof, and more 
5 particularly to fungicidal mixtures comprising 5-methyl-5-(4-phenoxyphenyl)-3- 

(phenylamino)-2,4-oxazolidinedione (hereinafter referred to as OAD) and use thereof to 
control plant disease. 

Water-emulsifiable formulations of fungicides having limited solubility 
characteristics can suffer from undesirable crystallization of the fungicide during long 

10 term storage of the water-emulsifiable formulaticxis and/or after extended periods in 
admixture with water (e.g., m a spray tank). OAD is a known fungicide (see, e.g., U.S. 
Patent No. S;223^23). However, OAD has limited solubility in water and in various 
non-aqueous solvents typically used for forming water-emulsifiable formulations . OAD 
has proven particularly useful for treatment of diseases in grapes, potatoes and wheat. 

IS There is a need for emulsifiable formulations of OAD which are stable to crystallization. 
Application of OAD in combination with at least one other fiingicide having a 
different mode of action would be advantageous in providing more effective control of 
ftmgal disease and also in preventing the development of resistant pathogens which might 
readily occur if OAD is used alone. Accordingly, there is interest in developing 

20 advantageous fimgicidal combinations involving OAD and other fimgicides, and 
especially combinations in which tte potential for undesirable OAD crystallization is 
reduced. Fungicidal triazoles are a known class of fungicides and are recognized for 
their systemic activity in protecting plants from ftmgal pathogens. 

SUMMARY OFTHE INVENnON 

25 This invention involves advantageous combinations of OAD with fimgicidal 

triazoles. AgriculturaUy suitable fimgicidal compositions conqTrising OAD and said 
triazoles are provided by this invention wherein the weight ratio of OAD to said triazole 
is from about 1 :9 to 9: 1 . This invention fiirther provides a method of treating a locus to 
control fijngal pathogens, comprising (1) preparing an agriculturally suitable water- 

30 emulsifiable fomuilation comprising (a) fiom 1 to 20% by weight non-crystalline OAD, 
and (b) a fimgicidal triazole; said triazole being present in a weight ratio to OAD 
between 1 :9 and 9: 1 which is effective to inhibit crystallization of OAD in said 
formulation; (2) diluting the formulation in a spray tank with water to form an aqueous 
mixture containing a combination of OAD and fimgicidal triazole in a fimgicidally 

35 effective amount; and (3) s^lying the aqueous mixture from the spray tank to the locus. 
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Crystalline OAD has very low water-solubility, and at nonnal spray tank dilution 
particles of OAD have been found to remain substantially undissolved. In some 
circumstances such as the treatment of wheat septoria, it has also been found that 
5 plication of an emulsified form of OAD provides substantially better biological control 
than an equal amount of OAD in a particulate form. However, various attempts to make 
a conunercially viable water-emulsifiable formulation free of undesirable OAD 
crystallization have been unsuccessful. It has been surprisingly found that the presence 
of fungicidal triazole, in conunercially desirable ratios relative to OAD, inhibits the 

10 crystallization of OAD m emulsifiable formulations. Because of mode of action and 

spectrum of pathogens controlled, fungicidal triazoles are particularly useful mix partners 
for OAD. Moreover, the excellent curative and systemic activity of the triazole 
compliments the strong preventive and residual activity of the OAD so tiiat in many 
circumstances the mixture can provide more effective disease control than either 

1 5 component alone. 

OAD can be prepared as described in U.S. Patent No. 5,223,523. Its structure is 
as a follows: 



20 qx>xiconazole, fenbuconazole, flusilazole, flutriafol, hexaconazole, ipc<Miazole, 

metccmazole, myclobutanil, penconazole, probenazole, propiconazole, tebuconazole, 
tetraconazole, triadimefon, triadimenol, tricyclazole, uniconzole. Fungicidal triazoles are 
conunercially available or can be prepared by known methods. 



25 this invention is. from 1:9 to 9:1, preferably is from 1:9 to 3:1, and more prefoably is 
from 1:3 to 3: 1. Of note for facilitating preparation of emulsions in water are 
compositions containing OAD and fungicidal triazole where the OAD is non-crystalline. 




OAD 




and include bromuconazole, cyproconazole, diclobutrazol, difenoconazole, diniconazole. 



Normally, the weight ratio of OAD to the fungicidal triazole in the con^x)sitions of 
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Typically, non-crystalline OAD is provided by mixing crystalline OAD with suitable 
non-aqueous solvents and/or surfactants. 

The compositions containing OAD and triazole of this invention should be 
agriculturally suitable. An agriculturally suitable composition means a composition 
S usable for treating agricultural crops itself and/or for preparing a formulation for 
treatment of agricultural crops. Useful formulations include liquids such as solutions 
(including emulsifiable concentrates), suqiensions, emulsions (including microemulsions 
and/or suspoemulsions) and the like which optionally can be thickened into gels. Useful 
formulations further include solids such as dusts, powders, granules, pellets, tablets, 

10 films, and the like which can be water-dispersible ('Vettable**) or water-soluble. The 
active ingredients can be (micro)encapsulated and further formed into a suspension or 
solid formulations. Alternatively, the entire formulation of active ingredients can be 
encapsulated (or *'overcoated'')* Encapsulation can control or delay release of the active 
ingredients. Sprayable formulations can be extended in suitable media and used at spray 

IS volumes from about one to several hundred liters per hectare. High-strength 

compositions are primarily used as intermediates for further formulation. Of note are 
compositions consisting essentially of OAD and fungicidal triazole. 

Preferably, the compositions of this invention are in an emulsifiable forrrt By 
emulsifiable foim it is meant that when admixed with water the conqxisition forms an 

20 emulsion. The term emulsion mcludes microemulsions. Emulsifiable compositioois 
include so-called emulsifiable concentrates (conunonly abbreviated ECs), which are 
mixtures of OAD and triazole plus any formulants and solvents or diluents. Suitable 
compositions of this invention also include so-called concentrated emulsions (conunonly 
abbreviated EWs) and microemulsion formulations wherein an emulsifiable mixture of 

25 OAD and triazole is preemulsified with a small amount of water so that a highly 
concentrated emulsion is formed. Suitable compositions also include emulsifiable 
mixtures of OAD and triazole which are adsorbed onto solid carriers. Suitable 
compositions also include raiulsifiable mixtures of OAD and triazole which are 
micn)enaq>sulated The composition of this invention is typically ^lied by adding it to 

30 a spray tank (wherein it is diluted as necessary with water to the desired spray 
concentration) and spraying the tank contents onto the locus to be treated. 

Compositions of the present invention which are in the form of a 
water-emulsifiable formulation will typically comprise at least one surfactant 
Surfactants include, for example, polyethoxylated alcohols, polyethoxylated alkylphenols, 

35 polyethoxylated sorbitan fatty acid esters, dialkysulfosuccinates, alkylsulfates, 
alkylbenzene sulfonates, organosilicones, N J^-dialkyltaurates, and 
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polyoxyethylene^lyoxy-propylene block copolymers. The surfactants to emulsify the 
mixture should be matched to the particular composition; and methods of selecting 
suitable surfactants for this purpose are well known in the ait 

Compositions of the present invention which are in the form of a 
5 water-emulsifiable f(Mrmulation will typically cominise at least one non-aqueous solvent. 
Non-aqueous solvents include, for example, N J4-dimethylformamide, dimethyl sulfoxide, 
N-alkylpynolidone, ethylene glycol, i^opylene glycol, propylene carbonate, 
polypropylene glycol, paraffins, alkylbenzenes, alkylnaphthalenes, oils of olive, castor, 
linseed, tung, sesame, com, peanut, cotton-seed, soybean, rape-seed and coconut, fatty 

10 acid esters, ketones (e.g., cycl(^xanone, 2-heptanone, isophorone and 4-hydroxy-4- 
metbyl-2-pentanone) and alccdiols (e.g., methanol, ethanol, propanol, isopropanol, 
cyclohexanol, decanol, benzyl alcohol and tetrahydrofiirfuiyl alcohol). OAD has better 
solubility in more polar solvents such as propylene carbonate and N-alkylpyndliddnes. 
The solvent can be a mixture of two or more solvents. Of note are a mixture including 

1 5 N-ociylpyiTolidone and N-methylpyrrolidone; a mixture including N-octylpyrrolidone, 
N-methylpynx)lidone and mediyl soyate; a mixture including methyl soyate and propylene 
glycol; a mixture including methyl soyate, propylene glycol and propylene carbonate; and 
a mixture including methyl soyate and dimethyl ester of glutaric acid. 

Uquid emulsifiable formulations can generally be made by simply mixing the 

20 components together. To assist in the rate of dissolution, the mixture can be heated, 
subjected to high shear, or both. Useful commorial enmlsifiable fmnulations prepared 
in acoxdance with this invention typically emulsify readily, and also remain emulsified on 
standing for extended periods (more than about 12 hours) in a spray tank. These 
formulations are also preferably stable in storage from chemical degradation and 

25 irreversible crystallization. Particularly useful compositicHis of this invention include 
compositicHis in the form of water-emulsifiable formulations comprising from 1 to 20 
percent by weight iK>n-ciystaUine OAD, at least one surfactant and at least one 
non-aqueous solvent; wherein the fungicidal triazole is present in an amount effective to 
inhibit crystallization of the OAD. Of note are raibodiments which are essentially 

30 water-free. 

To control plant disease, the water-emulsifiable fmnulations of the present 
invention aic typically diluted witti water in a spray tank to the desired fungicidally 
effective combination of OAD and triazole, and the resulting mixture sprayed onto the 
crop to be protected. 

35 Practice of the invention will become furtfier s^arent fiom the following non- 

limiting examples. 
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EXAMPLES 

Emulsifiable concentrate formulations of Examples 1 through 7 and Comparative 
Examples A, B and C are prepared as suimnarized in Table I. The ingredients for the 
Examples are identified more fully in Table n. 

Table I 

Weipht Percent of Ingredients 



Ingredients Ex. 1 Ex. A Ex. B Ex. 2 Ex. 3 



OAD 


10 7 




10.2 


in t 


1A 0 


171 iicS 1 fiTnl^ 


17.4 


17.4 




1 /.X 




NOP 


10 


11.4 


12.4 


23.3 




NMP 


S 


5.7 


6.2 


11 7 




Methvl sowaie 


19.9 


22.7 


24.7 




< 


Pluronic® L61 


29.S 


33.7 


36.6 


296 




dopropnor fyor 


8 


9.1 


9.9 


o 
8 


25.2 


PrnnicnnazAle 












PiODvlene dvcol 










17 0 


Steoan Soraver T^t 












aJIO m^cti rftnln fwno\ 

~\3\M lIXColl ICUUII \1U|^J 


9.3 


0.8 


22.9 


1 0 

1.7 


1 A 






Table I fContinued') 








Weieht Percent of Ingredients 






Ingredients 


Ex.C 


Ex.4 


Ex.5 


Ex.6 


Ex.7 


OAD 


10.2 


10.2 


13.8 


9J 


9.7 


Flusilazole 






15.5 


10.5 


10.8 


Methyl soyate 


6.2 


5 


2.5 


6 


2.6 


Pluronic® L61 


31.16 


25.2 


30 


30 


31 


Soprophor®796P 


31.16 


25.2 


11 


12.5 


10 


Propiconazole 




17.2 








Pn^lene glycol 


21.28 


17.2 


2.5 


8.3 




Dibasic ester #5 










28.4 


PEG200Dilaurate 










7J 


Propylene carbonate 






25 


23.2 




Stepan SpraverTest 












•f 80 mesh retain (mg) 


7.7 


2.3* 


2.0 


2.3 


1.3 


*lhis Stepan Test uses only half the normal sample size (5 rather than 10 mL). 
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Table n 

Identity and Source of Ingrediente 
Flusilazole: triazole fungicide (DuPont) 
Propaconazole: triazoie fungicide (Chero Services, Inc.) 
Propylene carbonate: solvent (Huntsman Corp.) 
Methyl soyate: solvent (Hnikel) 
Propylene glycol: solvent (Fisher) 
Pluronic® L61 : EO/PO block copolymer surfactant (BASF) 
Soprophor® 796P: EO/PO-tii$tyrylpheno] (Rhone-Pbulenc) 
NMP: N-methy]pyrolidone» solvent (ISP) 
NOP: N-octylpyrolidone. solvent/surfactant (ISP) 
Dibasic Ester No. 5: Solvent, dimethyl ester of glutaric add (DuPont) 
PEGdilaurate: polyethoxylated glycol surfactant (Henkel) 

Samples arc prcpaied by mixing the ingredirats together, typically in a 2 oz. glass 
bottle* and homogenizing the mixture with a Polytron FT3(X)0 dispersator (10 mm im>be 
at about 10,000 to 20»000 ipm) for IS minutes or until the mixture becomes clear. 
During mixing with the dispersator, the ten4)erature of the mixture typically rises, but not 
S above about 80^C. The mixture is allowed to cool to room temperature. Examples 1 
through 7 remain clear and free of solids. 

Comparative Examples A and B relate directly to Exanq)le 1 . Example A has the 
formulation of Example 1 whmin the OAD is omitted and replaced by additional 
formulants in proportion to their concentration in Example 1 . Example B has the 

10 formulation of Example 1 wherein flusilazole is omitted and replaced by additional 

formulants in proportion to their concentration in Example 1 . Comparative Example C 
relates directly to Example 4. In Example C, the propiconazole is omitted and replaced 
by formulants in proportion to their concentration in Exanq)le 4. 

When stored for about 6 months at ambient tenqserature in a sealed vial» Exanq)les 

IS 3 and 4 continue to be free of crystals as judged by visual inspection of the vial. In 
contrast. Example C shows a large amount of crystals. When stored at -6 ^C for 48 hr 
Examples 3 and 4 continue to be free of crystals. Exanq)les 1 and B are both free of 
crystals when stored for 6 months at ambient temperature; however^ when stored a -6*C 
for 48 hr. Example B gives crystals whereas Example 1 continues to be free of crystals. 

20 The crystals in Example B which form at '6''C redissolve when warmed back up to room 
temperature. 

Crystallization behavior from spray solutions is studied using a laboratory 
Stepan® Sprayer described in U.S. Patent No. 4,347.742, fitted with an 80 mesh (177 
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micron) in-Une stainless steel screen. A 10 mL sample of foimulation is mixed with 2 L 
of S'C tap water in the sprayer reservoir. The mixture is agitated in die reservoir for 
30 min by means of the recirculation pump operated at 40 psi. The mixture is then 
emptied ftom the reservoir into a glass container which is stored and sealed at ambient 
temperature for 24 h. After standing undisturbed for 24 h, the mixture is returned to the 
siway tank reservoir and recirculated again for 15 min at 5»C and 40 psi pump pressure. 
The sprayer contents are then sprayed out and in doing so all of the mixture passes 
through the in-line screen. Solids greater than 80 mesh are captured by the in-line screen 
which is subsequentiy removed fiom the sprayer, air dried and weighed. TTie net weight 
of residue is determined by difference finom a previously measured tare weight of the 
clean screen. The residue on the screen, which is a aystalline soUd, is considered to be 
entirely OAD. Test results are summarized in Table I. 

The Stepan® Sprayer Test results in Table I illustrate Uiat the comparative 
examples without triazole deposit substantially higher amounts of OAD crystals Uian die 
15 related examples containing triazole. (Note: tiie retains from Example 4 arc doubled for 
comparison purposes because only half tfje normal amount of test sample is used in the 
sprayer for that Exanqile.) 

CSreenhouse tests illustrating the control efHcacy of the present compositions on 
wheat glume blotch (Septoria nodorum), one of many paUiogens controlled by the 
20 compositions of thU invention, are summarized in Table m. Samples of fonnulation are 
admixed with purified water at the indicated concentiations and the mixtures are sprayed 
at die equivalent of 935 IJha on flag leaves of six-week-old wheat plants (Tritkum 
aestivum 'Fremont'). Evaluation of disease control is made at various points, as 
indicated. 
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Rate(g/ha) 
(OAD-f flusilazole) 


1-Day 
Preventivel 


l*Dav Prevent! vi» ivith 

Washoff4hffiafter 
VPlication^ 


8-Day 
Residual^ 


2-Day 
Curative^ 


150g 
75c 


+ 


16Qg 
ovg 


100 
100 


99.5 
95 


100 
98 


84 
84 


ISOg 
75g 


+ 
♦ 


160g 
8Qg 


100 
99.S 


100 
99 


100 
100 


85 
81 


ISOg 
75g 


+ 
+ 


160g 
80g 


100 
99.5 


100 
98 


100 
98 


87 
86 


ISQg 
75g 






94 
89 


95 
84 


95 
84 


66 
59 






160g 
80g 


99.5 
100 


92 
90 


99 

93 


88 

83 


ISOg 
75g 


+ 
+ 


160g 
80g 


100 
100 


99.5 
99 


100 
99 


88 
83 


iasein 






(51%) 


(44%) 


(64%) 


(48%) 



Table m 

Percent Disease Control On F|pg \ ^af (t nean of 2 testO 



Fonnulation 
Examples 

Exaniple6 

Example? 

Example 

Capitan® EC* 

Example D -i- 
Capitan^EC 
(tank mixture) 

Median percent dis 

untreated controls 

*Twcnty.four hows after application, plants are inoculated with a spore suspension of Septoria nodorwn 
and placed m a saturated atmosphere at 22^C for 48 h. then incubated in the greenhouse for 10 days 
after which disease ratings are made. ' 

^Four hours after application, plants are exposed to 1.5 inches (3.8 cm) of simulated rain. Twenty hours 
. lai^. plants are inoculated with a spore suspen«on of Septona nodorwn and placed in a saturated 

atmosi*cre at 22"C for 48 h, then imaibated in the greenhouse ft)r 10 days, 
are made. 

^Aftcr application, plante are maintained in the greenhouse for 8 days, then inoculated with a spm 
suspension of Septoria nodorwn and placed in a saturated atmosphere at 22*^C for 48 h. Tie plants 
«w then incubated in the greenhouse for 10 days, after which disease ratings a^ 
Prior to application, plants are inoculated with a spore suspension of Septoria nodorwn and placed in a 
saturat^ atmosphere at 22^C for 48 h. After application, plants are incubated in the greenhouse for 8 
days, after which disease ratings are made. 

^Example D contains 20.4 % OAD. 6.5% Splvesso® 150 aromatic solvent. 5% diisononylphthalate 5% 
^aophcnone, 53.1% NOP, Soprophor® 4D384 (POE (16) tristyrylphenol sulfate, ammonium s^t 
frwn Rhonc-Poulenc) and CJafac® RM 710 (ethoxylatednonylphenol phosphate ester ftom Rhone- 
Poulenc) and is prepared according to the procedure previously described for the other examples 

^apitan® EC is a commercial formulation of flusilazole (250 g/L). 

It will be recognized by those skilled in the art that even where the results 
iUustrated using a combination of OAD and triazole are roughly comparable to results 
illustrated using a similar total amount of one of these ingredients, the use of the 
combuiation provides fungal control in an advantageous manner that provides both 
5 triazole systemic action and OAD residual activity. 
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What is claimed is! 

1 . An agriculturally suitable fungicidal composition, comprising: 

(a) 5-methyl-5-(4-phenoxyphenyl)-3-(phenylamino)-2.4-oxazoUdinedione; 



and 



(b) a fungicidal triazole; wherein the weight ratio of 5-methyl-5-(4- 

phenoxyphenyl)-3-(phenylamino)-2,4-oxa2olidinedione to said fungicidal triazole is from 
aboaWrrito 9:1. ' 

2. The composition of Qaim 1 wherein the fungicidal triazole is selected fiom 
the group consisting of bromuconazole. cyproconazole, didobutrazol. difenoconazole. 
diniconazole. epoxiconazole. fenbuconazole. flusUazole. fluiriafol. hcxaconazole. 
ipconazole, metconazole. myclobutanil. penconazole. probenazole. propiconazole. 
tebuconazole. tetraconazole. triadimefon, triadimenol. tricyclazole. uniconzole and 
mixtures thereof. 

3 . The composition of Claim I which is in the form of a water-emulsifiable 
15 fonnulation including from 1 to 20 percent by weight non-ciystalline 5-methyl-5-(4- 

phenoxyphenyl)-3-{phenylamino)-2,4-oxazolidinedione, at least one non-aqueous solvent 
and at least one surfactant; wherein the fungicidal triazole is present in an amount 
effective to inha>it the ciystallization of the 5-methyl-5-(4-phenoxyphenyl)-3- 
(phenylamino>2.4-oxazolidlnedione. 

20 4. The composition of Claim 3 wherein the non-aqueous solvent is selected 

from the group consisting of NJ^-dimethylformamide, dimethyl sulfoxide, 
N-alkylpyiroUdone. ethylene glycol, propylene glycol, propylene cartwoate, 
polypropylene glycol, paraffins, alkylbeozenes, alkylnapbthalenes, oUs of oUve, castor. 
Unseed, tung, sesame, corn, peanut, cotton-seed, soybean, rape-seed and coconut, fatty 

25 acid esters, ketones, alcohols and mixtures thereof. 

5. The composition of Claim 3 wherein the surfactant is selected from die group 
consisting of polyethoxylated alcohols, polyethoxylated alkylphenols. polyethoxylated 
sortritan fatty acid esters, dialkysulfosuccinates, alkylsulfates, alkylbenzene sulfonates, 
oiganosilicones, N.N-dialkyltaurates. polyoxyethylene/polyoxy-propylene block 

30 copolymers and mbttures thereof. 

6. The composition of Qaim 3 which is essentially water-free. 

7. The composition of Claim 1 consisting essentially of 5-methyl-5-<4- 
phenoxyphenyl)-3-(phenyIamino)-2.4-oxazolidinedione. a fungicidal triazole selected 
from the group consisting of bromuconazole, cyproconazole, diclobutiazol, 

35 difenoconazole, diniconazole, epoxiconazole, fenbuconazole, flusilazole, flutriafol. 
hexaconazole. ipconazole, metconazole, myclobutanil, penconazole, piobenazole. 
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propiconazole, tebuconazole* tetraconazole, triadimefon, triadimenoU tricyclazole, 
uniconzole and mixtures thereof, at least one non-aqueous solvent and at least one 
surfactant. 

8. The composition of Qaim 1 wherein the fungicidal triazole is flusilazole. 
S 9. A method of treating a locus to control fungal pathogens, comprising: 

( 1 ) preparing an agriculturally suitable water-emulsifiable formulation 
comprising (a) from 1 to 20% by weight non-crystalline 5-methyl-S-(4-phenoxyidienyl)- 
3-(phenylamino)-2,4-oxazolidiiiedione, and (b) a fungicidal triazole; said triazole bdng 
present in a weight ratio to 5-n)ethyl-S-(4-phenoxyitenyl)-3-(phenylainino)-2,4- 

10 oxazolidinedione between 1 :9 and 9: 1 which is effective to inhibit crystallization of S- 
niethyl-5-(4-phenoxypbrayl)-3-(phenylairiirio>-2,4-oxazolidinedione in said formulation; 

(2) diluting the formulation in a spray tank with water to form an aqueous 
mixture containing a combination of S-methyl-S-(4-phenoxyphenyl)-3-(phenylamino)* 
2,4-oxazolidinedione and fungicidal triazole in a fungicidally effective amount; and 

IS (3) applying the aqueous mixture from the spray tank to the locus. 

10. The method of Qaim 9 wherein the aqueous mixture from the spray tank is 
applied to wheat plants; and wherein the aqueous mixture contains a combination of S- 
riiethyl-S-(4-phenoxyphenyl)-3*(phenylariiino)-2,4-oxazolidinedione and fungicidal 
triazole in an amount effective to control wheat glume blotch. 
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